Abstract The present article discusses an overview on the contamination of non-segregated open municipal solid waste (MSW) in and around a dumping site at Garchuk in Guwahati city, Assam, India. Analysis showed depth-wise variations in the concentrations of selected heavy metals in MSW and their subsequent accumulations with increasing depths. Zinc was the most abundant heavy metal in MSW. Six-step selective sequential extractions revealed that most of the heavy metals in MSW were in the residual phase except zinc. Analysis of the leachate from MSW showed high concentrations of fluoride, chloride, ammonium-nitrogen and the ratio of biological oxygen demand/chemical oxygen demand. Concentrations of all the heavy metals in the leachates were higher than the Indian national effluent standards. High amounts of biological oxygen demand, heavy metals, total and fecal coliforms in water samples from the adjoining water body (Deepor Beel, a Ramsar site) of the MSW dumping site indicated its unsuitability for domestic use. Principle component analysis showed that influence of MSW leachate was the major source of water contamination in Deepor Beel. Though accumulation of heavy metals in different vegetables growing in MSW dumping site did not exceed the recommended maximum intake, it was a significant additional source of heavy metals in cooked human diet.
Introduction
Exponential growth of population, urbanization, development of socio-economy coupled with the improvement of living standard, has resulted in a phenomenal increase in the amount of municipal solid waste (MSW) generation throughout the world and so in India (Karak et al. 2012 ). Kumar and Gaikwad (2004) forecasted that in India the quantity of MSW will increase from 46 million tons per year in 2001 to 65 million tons per year in 2010. According to the estimates, Indian metropolitan cities alone generate about 14 million tons of MSW annually (Shekdar 2009 ). The state Assam in India, wherein the present study was conducted, generates 196 tons of MSW everyday (Sharholy et al. 2008) . The waste generation rate in Guwahati city (capital of Assam) is approximately 0.223 kg per capita per day (Karak et al. 2012) . Among many viable solutions to counter the increasing global problem of MSW, landfilling/ composting and incineration have widely been accepted for its ultimate sustainable management (Renou et al. 2008) . Several studies have reported high concentrations of heavy metals (HMs) in an open MSW dumpsite in developing countries (Mitra et al. 2003; He et al. 2006; Bhattacharyya et al. 2008a; Prechthai et al. 2008; Biswas et al. 2010) . However, there is scanty information regarding the depthwise variation in metal contaminants versus their corresponding concentrations of HMs in MSW landfill sites in India.
In India, highly decomposed MSW from the bottom layer of dumping site is collected and is used as MSW compost (MSWC) which has been gaining popularity as an organic and a plant nutritional soil supplement (Bhattacharyya et al. , 2005 . However, there is an increasing concern in application of MSWC prepared from non-segregated MSW in agricultural crops owing to its high concentration of HMs. To achieve proper management of MSW disposal, Government of India has also installed sophisticated incinerator plant in a number of metropolitan cities such as Kolkata, Mumbai, Chennai, Delhi and Bengaluru. However, all other cities of the country are beyond the scope of MSW disposal management (Karak et al. 2012) .
Therefore, against this backdrop, an attempt was made to study the properties of MSW at Garchuk, an open MSW landfilling area of approximately 10 hectares in Guwahati (Assam), India in December, 2007. It is situated on the bank of a freshwater lake locally known as Deepor Beel, which is also a Ramsar Site. The investigation had the following objectives: (1) depth-wise characterization and assessment of total HMs (arsenic: As; zinc: Zn; cadmium: Cd; chromium: Cr; nickel: Ni; lead: Pb; mercury: Hg and copper: Cu) in MSW dumping site, (2) selective sequential extraction of HMs in MSW, (3) analysis of important physical, chemical and bacteriological [total coliforms (TCF) and fecal coliforms (FCF)] characteristics of MSW leachate and surface water from the nearby Ramsar site, (4) assessment of HMs in selected vegetables growing in MSW dumping site, (5) assessment of the risk of ingestion of HMs through human consumption of those vegetables and (6) characterization of solid and liquid (leachate and water) materials by means of principle component analysis (PCA).
Materials and methods

Study area
The present investigation was carried out in and around an open non-segregated and non-engineered MSW dumping site at Garchuk (26°7 0 48 00 N, 91°39 0 36 00 E), Guwahati, in the state of Assam, India, during winter season in 2007. It spreads over an area of approximately 1 9 10 5 m 2 and wastefill height varies from 3 to 3.5 m. The site is located in the southwest corner of Guwahati city (26°10 0 N, 91°45 0 E) which is approximately 12 km away from the city center (Fig. 1) . The non-segregated MSW is generally collected by the city municipal corporation authorities from MSW bins placed at different locations of the city and are dumped at Garchuk site which are later on spreaded over a surface by mechanical spreading followed by its amalgamation.
MSW sampling, preparation and analysis
Depth-wise representative solid waste samples were randomly collected from the heap of dumping site and its surrounding areas. A total of 39 samples from 13 sampling locations (representing the study area) were collected from depths of 0-1 m (MSW1), 1-2 m (MSW2) and 2-3 m (MSW3) using backhoe excavator machine. One sampling point was selected at the center heap of the dumpsite and other twelve sampling points were chosen at 50 m intervals in the east, west, south and north directions from the center heap. The compositions of MSW samples were categorized as bio-medical waste (BMW), ceramics, garden trimmings (GTR), glass, kitchen waste (KW), metal, paper, plastic, soil, textiles, wood and others.
The samples were later segregated, homogenized and air-dried. Finally three composite samples were prepared for carrying out the study. The air-dried samples were grounded and sieved through a 1.0 mm mesh and was subjected to analysis for various physico-chemical parameters. In brief, moisture was determined gravimetrically in duplicate, by drying 50 g of sample at 105°C to drive off water in the sample until the weight remained constant (Jackson 1995) . Volatile solids were then measured by loss of weight on ignition of oven-dried samples at 550°C for 16 h. The measurement of the sample pH was carried out on sample slurries having sample/water ratios as 1:2.5 using a pH meter (Systronics India Ltd., model 239). Electrical conductivity (EC) was determined on sample slurries having sample/water ratios as 1:5.0 with a conductivity meter (Systronics India Ltd. model 507). Clay content was determined by a sieving and pipette method after the removal of organic matter with 30 % H 2 O 2 . Cation exchange capacity (CEC) was determined with BaC1 2 -triethanolamine following the method of Lax et al. (1986) . Organic carbon was determined according to Nelson and Sommers (1982) . Humus carbon in solid samples was measured following the procedure described by Sanchez-Monedero et al. (1996) . For determination of total N (TN), samples were decomposed using concentrated H 2 SO 4 and catalyst mixture in Kjeldahl flask and subsequently N content was determined following steam distillation and titration method (Bremner and Mulvaney 1982) . Sample was oxidized at 1,100°C in the presence of tungstic anhydride (WO 3 ) for the measurement of total S. For total HMs (Cu, Cr, Cd, Ni, Pb and Zn) and As analysis, 1.00 g of ground MSW sample was placed in an Erlenmeyer flask, and 3 mL of concentrated HNO 3 and 1 mL of concentrated HCl were added. This mixture was heated for 3 h at 85°C on a hot plate until the solubilization of the sample was complete and then diluted to 25 mL with deionized water in a polycarbonate volumetric flask. For Hg, 2.5 g MSW sample was digested separately by using aqua regia, potassium permanganate and sodium chloridehydroxylamie sulfate (USEPA 2007) . Wet samples of MSW were used for analysis of Cr 3? and Cr 6? . It was done to avoid the oxidation of trivalent Cr to its hexavalent state during drying of the samples. The proportions of Cr 3? and Cr 6? were determined following Rudel and Terytze (1999) . A blank digest was carried out in the same way. All samples were analyzed three times for HM analysis.
Selective sequential extraction (SSE) of HMs in MSW in quadruplicate was carried out following Tessier et al. (1979) . The SSE scheme was utilized to fractionate six pools of solid phase HMs. A sequential fractionation procedure was used to partition HMs into six fractions operationally defined as water soluble (F 1 ), exchangeable (F 2 ), acid soluble and bound to carbonates (F 3 ), reducible and bound to Fe/Mn (F 4 ), oxidizable/organic matter and sulfide bound (F 5 ) and residual/mineral matrix phase (F 6 ). The reagents used in the sequential extraction scheme were selected from those which are cited in the literature as being relatively selective for fractions of elements bound to different MSW components. For SSE, samples, each of 1 g-aliquot, of MSW were weighted in 50 mL centrifugation tubes and extraction reagents were added sequentially. The following scheme was adopted: (F 1 ) deionized water in ratio 1 : 10 (w/v), 30-min agitation at room temperature; (F 2 ) 40 mL of 1 M MgCl 2 , pH 7, 2-h agitation at room temperature; (F 3 ) 40 mL of 1 M CH 3 COONa (pH 5), 5-h agitation at room temperature; (F 4 ) 40 mL of 0.04 M NH 2 OHÁHCl in 25 % CH 3 COOH, placed in a water bath at 96°C for 6 h; (F 5 ) 20 mL of 5.3 % NaOCl, pH 8.5, placed in a boiling water bath for 30 min; ( F 6 ) HClO 4 (2 mL) and HF (10 mL) to near dryness, followed by a second addition of HClO 4 (1 mL) and HF (10 mL) and evaporation to near dryness; addition of HC1O 4 (1 mL) and evaporation until the appearance of white fumes; dissolution of the residue in 12 N HCl and dilution to 25 mL. MSW suspensions were agitated with a rotary shaker (Model No. Remi RSB-12, India) whenever required. After each extraction step, the tubes containing the MSW and the extractant were centrifuged for 15 min at 1,700 9 g (Model No. Remi PR-24 centrifuge, India). The solution entrapped in the remaining mass was collected in subsequent wash steps and combined with the corresponding extracts. The final solutions were filtered through 0.45 lm cellulose acetate filters and stored in polyethylene bottles. The residual MSW was used for the subsequent extraction steps. All extractions were performed in triplicate. Extracts which could not be analyzed immediately were stored at 4°C.
Analyses of HMs (Cd, Cr 3? /Cr 6? , Cu, Pb, Zn and Ni) were performed by atomic absorption spectrophotometer (AAS; VARIAN, Model No.: AA 240, Australia). Arsenic (As) and mercury (Hg) were determined using flow injection hydride generation atomic absorption spectrometry, FI-HG-AAS (Varian VGA 77 spectrophotometer, Australia) and cold vapor atomic absorption spectrometry, respectively. HM concentrations in MSW have been reported in the present investigation on dry weight basis.
Liquid sampling and analysis
Along with the MSW samples, run-off leachate from the dumpsite as well as surface water samples from Deepor Beel were collected. The leachate samples are described as LS: from the south corner, LN: from the north corner, LE: from the east corner and LW: from the west corner of the dumpsite. Similarly, water samples are described as DBW1: 1 m away from the dumpsite, DBW2: 20 m away, DBW3: 100 m away, DBW4: 1 km away and DBW5: 2 km away towards Deepor Beel. Since, the landfill site was not equipped with a leachate collector, the leachate was collected at the base of the landfill using 500 mL disposable plastic syringe. Collected leachate and water samples were transferred into sterile pre-cleaned (by nitric acid and Milli-Q water) 2.5 L brown sampling bottles and kept in an ice box. They were transported to the laboratory and immediately filtered with 0.45 lm membrane by tangential flow ultra filtration method. The filtrated samples were stored in precleaned 2 L brown glass amber bottles below 4°C until analysis. For HMs analysis, samples were collected separately and acidified with glacial acetic acid (0.5 mL per 100 ml samples) followed by 0.2 mL formaldehyde per 100 mL of samples at the time of collection. Liquid samples were collected in a 300 mL biochemical oxygen demand (BOD) bottle, with minimum aeration. For bacteriological parameters, samples were collected in sterile 250 mL stopper glass bottle. (around 15-20 m) were often harvested, cooked and consumed by the rag pickers. Plant population on that site was found to be enough to satisfy the daily vegetables requirement for about 50 rag pickers. Only the edible part of each vegetable was used for analytical purposes. They were collected by hand using vinyl gloves, packed into polyethylene bags and weighed in situ. The cleaning (removal of soil) of samples was performed by shaking and in the case of eddoe by means of a dry pre-cleaned vinyl brush. The samples were weighed, washed with distilled water to eliminate air borne pollutants, dried in an oven at 65°C for 24 h, and then re-weighed to determine water content and ground to powder and used for the metal analysis. Visible contaminants were hand-picked from the vegetable samples. The leaves from amaranth plants were handpicked, and the non-edible parts of ash gourd, snake gourd and eddoe were removed using a plastic knife. The edible portions of vegetables were washed three times with distilled water and finally rinsed with deionised water and dried in an oven at 65°C, ground using a wooden grinder and analyzed to ascertain the presence of HMs (viz. Zn, Cd, Cu, Ni, Pb and Cr). For the digestion of vegetables, 1.00 g of ground sample was placed in an Erlenmeyer flask, and 3 mL of concentrated HNO 3 and 1 mL of concentrated HCl were added. This mixture was heated for 3 h at 85°C on a hot plate until the solubilization of the sample was complete and then diluted to 25 mL with deionized water in a polycarbonate volumetric flask. A blank digest was carried out in the same way. All samples were analyzed three times for HM. Heavy metal concentrations in vegetables have been reported in the present investigation on dry weight basis.
Preparation of curry and analysis
To investigate the ingestion of HMs in human body through consumption of cooked vegetables grown in MSW dumping site, curry was prepared using those vegetables and was analyzed for HMs. Prior to curry preparation, all the said vegetables were thoroughly cleaned with distilled water. Thereafter, skin of ash gourd, snake gourd and eddoe were removed using a plastic knife and chopped into small pieces. Leaves from amaranth plants were used as it is consumed as a leafy vegetable. Stems of eddoe and fruits of ash gourd/snake gourd were used for the preparation of curry. Burned earthen pots are most commonly used by rag pickers for cooking in the present location and, therefore, were selected for this study. Four different curries were prepared using usual practice of rag pickers. A sample of 5 g of homogenous dried curry was used for metal analysis of each curry following the same procedure described for vegetables.
Normalization of the analyses and the data to international standards were set as follows: three standard reference materials (SRM), viz., SRM-2709 (San Joaquin Soil from the National Institute of Standards and Technology, Gaithersburg, MD 20899, USA), SRM-1645 (River Sediment from the National Bureau of Standards, Washington, DC 20234, USA) and SRM-1515 (apple leaves, National Institute of Standards and Technology, Japan) were utilized to verify the analytical results. SRMs were analyzed making use of the same procedures as was used for MSW samples. The findings were in agreement with the certified values.
Statistical analysis
The raw data were used for graphical Box-Whisker diagram. In order to analyze multiple inter-relationships among all the physico-chemical and bacterial variables, Pearson's correlation and principle component analysis (PCA) were carried out using the software SPSS 13.0.
Results and discussion
Solid waste characteristics
The major identifiable components present in MSW1 (MSW collected from 0 to 1 m) were KW (32.15 %), paper (12.24 %), plastic (12.25 %) and textiles (12.24 %) followed by BMW (1.12 %), which is potentially hazardous from the bacteriological viewpoint. Plastic and soil were the major identifiable components (Fig. 2 ) in MSW2 (MSW collected from 1 to 2 m) (26.98 and 28.0 %) and MSW3 (MSW collected from 2 to 3 m) (31.52 and 39.0 %).
Physical and chemical properties of MSW
The color of MSW1 (MSW collected from 0 to 1 m) was mild reddish brown (5 year 4/3), whereas, MSW2 (MSW collected from 1 to 2 m) and MSW3 (MSW collected from 1 to 3 m) were intense reddish brown (7.5 year 4/4) and dark grey (5 year 4/1), respectively.
In MSW3, the moisture content was highest due to the accumulation of leachate produced by the biochemical degradation of MSW (Fig. 3a) . The volatile solid (VS) decreased with an increase in the depth of sampling as the main reason appears to be the differences in soil contents among the MSW samples (Fig. 3b ). Bulk density showed significant variation at all depths (Fig. 3c) . A higher value of bulk density was observed in MSW2 which could be ascribed to the presence of high moisture and less plastic content. Highest amount of VS (42.1 %) was present in MSW1 which might have decreased the pH of this sample. Tchobanoglous et al. (1993) also reported a negative correlation between VS and pH due to the presence of fatty acids in VS. MSW1 and MSW3 were slightly acidic to neutral in reaction (Fig. 3d) . However, the pH of MSW2 was found to be moderately alkaline with a value of 7.6. This pH value of MSW2 indicated the characteristic of waste to neutralize the organic acid that is either generated from the anaerobic degradation of organic matter (Prechthai et al. 2008) or may be influenced by the proteolyses occurring during the organic-matter degradation. EC was higher in MSW1 which indicated higher amount of soluble salts in the top layer of MSW (Fig. 3e ) that subsequently decreased with an increase in the depth, due to difference in water contents of the MSW samples. Further, higher amount of S (total) and lower concentration of basic nitrogen (viz. NH 4 ? -N) also influenced the pH of MSW1 (Prechthai et al. 2008) .
Clay content and cation exchange capacity (CEC) increased with an increase in the depth (Fig. 3f, g ). The existence of total organic carbon (TOC) in MSW samples indicates the presence of biodegradable organic substances in the samples (Fig. 3h) . In MSW1, humus carbon was found lower (Fig. 3i) probably due to the lack of optimum humification conditions (Prechthai et al. 2008) . Humification is an oxygen-driven degradation and successive polymerization process occurring on organic carbon and it normally takes time. Further, the lower humus content in the upper layer (MSW1) may be attributed to the lower age of such a layer. TOC and TN (Fig. 3h, j) decreased significantly with an increase in the depth (p \ 0.05). The C/N ratio was 9.3-10.6 for MSW1, 9.9-11.5 for MSW2 and 8.7-10.3 for MSW3 ( Fig. 3k ) with a mean of 9.6, 10.6 and 9.8 for MSW1, MSW2 and MSW3, respectively. It also appears that the difference in C/N between the MSW samples was not significant. No particular trend on total S was found among MSW samples (Fig. 3l) . From the physico-chemical properties of MSW samples, it is clear that MSW3 had the proposed standard of maturity of the compost, described by Epstein (1997) . The color of MSW3 was dark gray (5 year 4/1) with smell like forest soil which can be considered as mature composts on its physical appearance (Epstein 1997) . Furthermore, it is recognized worldwide that maturity of compost can be assessed by means of specific phytotoxicity tests, as that pointed out by Zucconi et al. (1981) . Since this paper did not show any data on germination and/or plant growth test of MSW3, it is questionable that MSW3 can be considered as a ''mature compost''.
Selective heavy metals load in MSW However, the application of MSW3 as compost in agricultural land is still questionable without verifying the HMs contents in it. Consequently, some selected HMs and their fractionations were proposed in the present investigation.
Among the selected HMs, Zn was most abundant followed by total Cr, Ni, Cu, Pb and Cd (Fig. 4) . In most cases, the concentration of HMs was found to increase with an increase in the depth. This is because under anaerobic condition and at greater depths, HMs were immobilized and retained in the solid waste (He et al. 2006) .
It was observed that the HMs content in MSW3 exceeded the limits for Cr, Zn and Ni (arsenic as As 2 O 3 10 mg kg -1 , cadmium 5 mg kg -1 , chromium 50 mg kg -1 , copper 300 mg kg -1 , mercury 0.15 mg kg -1 , nickel 50 mg kg -1 , lead 100 mg kg -1 , zinc 1,000 mg kg -1 ) as recommended by the United States Environmental Protection Agency USEPA (1999) and the Central Pollution Control Board, India (CPCB) (Municipal Solid Wastes (Management and Handling) Rules 2000). Therefore, this result raises the doubts of sustainable utilization of MSW3 as compost in agricultural land. Besides, metal carrying wastes need to be approached with caution and concern because the prolonged application of MSW3 as compost in agricultural land is likely to increase the concentration of HMs in the soil with time even though MSW3 physically looks like mature compost. As and Hg contents in all the samples were below the detection limits of the instrument (0.01 mg L -1 for As and 550 ng L -1 for Hg). Therefore, standard addition protocol was used and the As and Hg contents were determined again. However, As and Hg were not detected in any sample. The percentages of recovery by SSE scheme were found to be between 82.5 and 98.5 % ( Table 1) .
The intra-method reproducibility of the SSE procedure was convincing, with relative standard deviations of less than 3 % for all the fractions. The inter-method variability between the SSE and the acid digestion method was tested statistically using independent t test which showed that using the 95 % confidence interval, no significant difference was found between the sum of individual metal extracted from the SSE and the total individual metal determined by the acid digestion method. The good reproducibility and low variability of the fractionation results demonstrated by the adopted SSE could be attributed to the uniformly contaminated MSW samples investigated in this study and the meticulous procedure followed in the SSE protocol. There were significant amount of mobile Cd fractions in MSW1 and MSW2 samples. Around 94 % of Cd was associated in F 3 , F 5 and F 6 fractions in MSW3. Mobile fractions (F 1 and F 2 ) of Cd were not detected in MSW3. The presence of significant concentration of Cd in insoluble fraction in deeper layer was due to the continuous anaerobic condition. These results bear the resemblance with the findings of Ostman et al. (2006) . In an anaerobic landfill, presence of more fractions of residual form of Cd has also been reported by Xiaoli et al. (2007) .
Total Cr is principally distributed between F 5 and F 6 . For the MSW with greater sulfur content, Cr is more likely to be found in oxidizable fraction than in residual fraction, since it probably forms sulfides with this type of MSW (Fuentes et al. 2004) . A perusal of data in Table 1 indicates that in the F 1 and F 2 fractions, Cr did not exceed 13 % in any of the MSW samples. Fractions 1 and 2, supposedly the most potential mobile fractions, made up of 42, 47 and 47 % of total Cu extracted in MSW1, MSW2 and MSW3, respectively. In the other four fractions (F 3 to F 6 ), the concentrations were 58, 53 and 53 % in MSW1, MSW2 and MSW3, respectively. A fairly low percentage of Cu was retained in F 3 . This fraction of Cu was bound to presumably highly amorphous iron oxyhydroxides and was extracted with proton dissolution and Fe-Cl complexation as indicated by Keon et al. (2001) .
Ni was widely distributed in all the fractions irrespective of the sampling depths. The sum of the first three fractions was approximately 72 % in MSW1. Only 5 % Ni was extracted from F 5 fraction in MSW1, probably due to the slow decomposition and the presence of low humus carbon in the upper layer. High amount of Ni in F 3 fraction might be due to the lower pH in MSW1. Ni was extracted in large quantities from F 6 fraction (54 % extraction) in MSW2, where Ni is bound to residual or mineral matrix phase. In MSW3, about 53 % of Ni was extracted from the F 5 fraction. Higher amount of Ni in MSW3 is characterized by high humus carbon. Humus carbon in MSW3 may have significant influence on the environmental mobility and bioavailability of Ni due to the formation of soluble aqueous complexes, stationary coatings on MSW mineral surfaces, aggregates and mobile colloidal phases. The high degree of Ni in F 5 fraction has also been reported by Alonso et al. (2002) .
The largest fraction of Pb was found in the residual form. It was not found in F 4 fraction of MSW1 and F 1 fraction of MSW2. After F 6 fraction, F 1 fraction of Pb was [ F 4 in MSW3, respectively. In all MSW samples, the Zn solubility was limited by the formation of insoluble Zn compounds (or complexes), as implied by the high fraction of Zn associated with the insoluble fractions. The presence of acid soluble/carbonate fraction (F 3 ) and reducible/Fe and Mn fractions (F 4 ) in MSW1 and F 3 fraction in MSW2 shows the prevailing high redox potential at these locations. High amount of oxidizable/organic matter and sulfide fraction (F 5 ) of Zn in MSW3 shows the prevailing low redox potential at this location. This can be attributed to the tendency of Zn to get absorbed in humus carbon, as MSW3 was in highly decomposed form. In an anaerobic landfill, presence of more fractions of oxidizable form of Zn was reported by Xiaoli et al. (2007) . This result also reflects the findings of Alonso et al. (2002) .
Leachate and water characteristics
The characteristics of leachate and surface water are shown in Table 2 . All the leachates were black in color, with high level of TDS, and had a strong odor. Colors of water samples from DBW1 to DBW3 were black to slight brown. However, water samples collected beyond DBW3 were colorless, reflecting the mixing and contamination of Deepor Beel with dumpsite leachate. All leachate samples were slightly acidic to neutral thereby indicating a reducing environment in the dumpsite, which was in agreement with the observations made by Oygard et al. (2007) . Water samples collected from the Deepor Beel were neutral to slightly alkaline. High alkalinity in all the leachate samples confirmed the methanogenic (is the formation of methane by microbes; Thauer 1998) condition of the dumpsite (Ehrig 1983) . Recently, He et al. (2005) reported that high alkalinity levels (i.e., the methane alkalinity) of MSW leachate could be attributable to the rapid development of methanogen bacteria (see later).
Chloride (Cl -) in leachate samples varied between 1,239 and 3,625 mg L -1 . Concentration of Cl -was found to be lower in water samples than in leachate samples. A close correlation between the Cl -and conductivity was observed in all the samples. This reflects that Cl -played a significant role in enhancing the conductivity. Fluoride (F -) in leachates varied from 2.98 to 24.39 mg L -1 . However, F -content in water samples except DBW1 was within the prescribed safe limits of Bureau of Indian Standards (BIS 1999) and WHO (1997) . Due to the severity of impacts of the excess fluoride in groundwater, the WHO permissible limit of fluoride in India has been reduced from 1.5 to 1.0 mg L -1 in 1998 (UNICEF 1999). Nevertheless, the continuous mixing of leachate from MSW could be a potential threat to the Deepor Beel and, therefore, there is an urgent need to take ameliorative steps to avoid further contamination.
Very high values of BOD (11,000-52,000 mg L -1 ) and COD (17,000-91,000 mg L -1 ) were recorded in the leachates which were in agreement with the observations made by different researchers (Reinhart and Al-Yousfi 1996; Chian and DeWalle 1976; Lo 1996; Ozturk et al. 2003; Robinson 2005) . BOD/COD ratio in leachate was 0.45-0.65 which indicated a high portion of organic matter in the leachate as also observed by Hogland and Marques (2003) , which also caused odor problems (Doedens and Cord-Landwehr 1989) in the study area. Lower ratio of BOD/COD (0.05-0.39) in water samples indicated lower organic matter in water.
The evaluation of TN and NH 4 -N in leachate samples indicated that most of the nitrogen was in the form of ammonia. It was possibly due to the degradation of proteins and amino acids present in MSW (Kjeldsen et al. 2002) . These results corroborates with the findings of Ehrig and Scheelhaase (1993) . Considerable amounts of HMs were found in the leachates. Zn was the most abundant element followed by Cr, Cu and Pb. This might be due to the complexation of these metals with dissolved organic compounds generated from degradation of the organic matter. Of all the metals, the concentrations of Ni and Cd were found less. The high metal load in all leachates suggests that sulfur content in MSW was insufficient to precipitate all the metals present. Low solubility product of Cd-sulfide (1.4 9 10 -29 ) (Weast et al. 1985) , therefore, partly explains the relatively low level of Cd in the leachate. However, the concentration of all the HMs in the leachate was higher than the national effluent standards (0.01, 0.10, 0.20, 0.20, 5.0 and 2.0 lg L -1 for Cd, Cr, Cu, Ni, Pb and Zn, respectively; BIS 1999).
Significant amount of HMs were also found in water samples of DBW1. The metal load in water samples decreased with an increase in sampling distance from the dumpsite. Therefore, dumping of MSW in a landfill for longer duration and the subsequent leaching of metals can cause severe damage to water bodies lying in close vicinity of MSW dumping site. This observation also corroborates Flyhammar et al. (1998) who reported that about 30 % of the metal content in MSW deposited at a landfill was available for leaching. Table 2 shows the presence of TCF and FCF in all samples, indicating the contamination of surface water possibly due to leachate percolation. Water samples from DBW3, DBW4 and DBW5 showed less contamination with coliforms. The concept of coliforms as bacterial indicator of microbial water quality is based on the premise that coliforms are present in high numbers in the feces of human and other warm-blooded animals. If fecal pollution enters into the surface water, it is likely that these bacteria will be present there, even after significant dilution. The presence of fecal contamination is an indicator that a potential health risk exists for an individual exposed to this water. The coliform bacteria can multiply when leachate enters into an oxygenated system. Neill (2004) found that when leachate was diluted with the bacteria-free freshwater then there was an increase in the number of thermotolerant coliforms. Nonetheless, this water is unfit for domestic consumption as BOD and HMs load exceeded the limits prescribed by Bureau of Indian Standards (BIS 1999).
Assessment of heavy metals in fresh vegetables
Increasing metal concentrations and changes in their distribution in MSW generally increased the concentrations of HMs in the tissues of plants growing on the MSW dumping site. The trends of HMs among the different vegetables were C. schott (120.4 lg g ; Pb: 0.9 lg g -1 ) for Cd and Pb; C. schott (Ni: 0.64 lg g -1 ; Cu: 7.9 lg g -1 ) [ B. hispida (Ni: 0.29 lg g -1 ; Cu: 5.9 lg g -1 ) [ A. lividus (Ni: 0.11 lg g -1 ; Cu: 3.6 lg g -1 ) [ T. anguina (Ni: 0.06 lg g -1 ; Cu: 2.9 lg g -1 ) for Ni and Cu and C. schott
for Cr. Among all the vegetables, C. schott accumulated higher amount of HMs. It was observed that below the ground portion of all the vegetable crops did not exceed 1 m. Therefore, the probable reason for the accumulation of HMs by different vegetables might be the presence of mobile phase of HMs in MSW1 (Table 1) . The Cd levels obtained in the present study varied between 0.01 and 1.10 lg g -1 , which were much higher than that in Indian vegetables (0.0032-0.0149 lg g -1 ) as reported by Tripathi et al. (1997) and also in vegetables from UK as reported by Ysart et al. (1999) . Among all the four vegetables, C. schott (where its tuber is consumed as vegetable) accumulated high amount of Cr (0.13 lg g -1 ). The probable reason for its higher accumulation might be its greater sequestration capacity in soluble forms in the vacuoles of the root (Adriano 1986 ). The concentration of Cu in vegetables growing on MSW dumping site ranged from 2.9 to 7.9 lg g -1 which was higher as compared to that in other parts of India (Tripathi et al. 1997) . The Ni contents in all vegetable samples collected from MSW dumping site were low (0.06 to 0.64 lg g -1 ). Except A. lividus significant amount of Pb was uptaken by all other vegetables. Pb concentrations in green vegetables studied were higher as compared to vegetables studied in UK (Ysart et al. 1999) and India (Tripathi et al. 1997) . Among the metals analyzed, Zn was relatively labile and readily transferred to plant tissues (Table 1) . Zn uptake was greater for C. schott and B. hispida as compared to other vegetables. The Zn obtained in the present study was much higher than in other Indian vegetables as reported by Tripathi et al. (1997) .
Heavy metal ingestion through diet
The vegetables grown in the experimental site are usually taken by rag pickers and are consumed after cooking. In Indian conditions, WHO (1993) (Table 3) . Although, the daily intake of HMs from prepared food did not exceed the permissible limit prescribed (Cd, Cr, Cu, Ni, Pb, and Zn as 0.21, 0.02, 3.00, 1.63, 0.43 and 27 .4 lg g -1 on dry weight basis for consumption) by WHO (1993) and by Indian Council of Medical Research (ICMR 2001) , it provided a significant additional source of HM consumption from the diet prepared out of the vegetables.
Statistical analysis
In this study, the exploratory data analysis techniques have been applied to datasets on physico, chemical and bacteriological properties and the results obtained are highlighted. The ranges of variation, mean and standard deviation and the variation of parameters with their standard error are shown by the box plots. There was a significant positive correlation of HMs (except Cr 6? ) with clay particles and humus-C in the MSW samples (Table 4) . According to data reported in Table 4 , the positive correlation of HMs (analyzed) with clay and humus-C was significant only for Zn, Ni, Cr 3? and Pb. Thus, the interaction between humus-C and HMs explains the distribution of HMs in MSW.
Pearson's correlation between physico-chemical-bacteriological parameters in liquid samples (leachate from dumping site ? water from Deepor Beel) revealed a significant negative correlation of HMs with pH and alkalinity perhaps due to the fact that high pH decreases HM concentrations in water samples due to the precipitation of the metals as hydroxides and carbonates (Table 5 ). According to data reported in Table 5 , the negative correlation of HMs with alkalinity was not significant for Zn, Cu and Ni.
Principal component analysis (PCA) is one of the best statistical techniques for extracting linear relationships Table 4 Pearson's correlation analysis of solid MSW samples (linear correlations observed between the discussed parameters), N NS not significant, * significant at the 0.05 level, ** significant at the 0.01 level among a set of variables (Iyer et al. 2003) . Principal components are the linear combinations of original variables, and are the eigenvectors. The varimax rotation distributes the PC loadings such that their dispersion is maximized by minimizing the number of large and small coefficients (Richman 1986 ). The cornbach's alpha and Kaiser-Meyer-Olkin (KMO) sample adequacy showed the appropriate application of principal component and factor analysis in the present dataset. Two principal components extracted (eigenvalues greater than one) expressed about 90 % of the total variability present in the system. The varimax rotated factors were extracted through PCA method. The results achieved by PCA through varimax rotation are shown in Fig. 5a , b. The biplot observed between PC1 and PC2 showed BOD, Cd, Cl, COD, Cr, EC, NH 4 -N, Pb, TCF, TDS, TN, Cu, F, Ni and Zn to be present in the second quadrant, suggesting strong association between these variables (Fig. 5b) . It is observed that all the variables in MSW are separated into three different groups according to their characteristics. PC1 separates the variables into two different groups. One of them includes CEC, clay, Cr 3? , density, humus-C, moisture, Ni, Pb, pH and Zn, and the other group includes Cd and TN, probably due to strong correlations among them (Thomsen et al. 2002) . With PC2, it is possible to separate materials which have lower C: N, Cr 6? , Cu, EC and higher TOC, S and VS (Fig. 5a) .
PCA of the liquid data sets evolved three distinct groups (Fig. 5b) . The PCs for first (BOD, Cd, Cl, COD, Cr, EC, FCF, NH 4 -N, Pb, TCF, TDS and TN), second (Cu, F, Ni and Zn) and third (alkalinity and pH) groups with eigenvalues [1, explain 64.06, 78.29 and 87.02 % of the total variance in liquid samples. PC1 explaining 75 % of total variance has strong negative loadings ([0.70) on Cd, Cr, Pb, Ni and Cu and moderate negative loading on Zn. Thus, it represents the metal group. PC1 also explaining 14.2 % of the total variance has strong positive loadings on BOD and COD, and moderate loading on TN, which basically represents the organic pollutant group (Helena et al. 2000) . TCF and FCF contribute 9.63 %, which points to a common origin for these bacteria. Both PC1 and PC2 have strong loading on HMs and coliform bacteria. Therefore, this indicates the influence of MSW dumping ground as the major source of water pollution particularly in relation to HMs in Deepor Beel mainly due to the mixing of leachate from MSW disposal sites. These findings are also in agreement with the physico-chemical-biological parameters in liquid samples (Table 2) .
Conclusion
Present investigation revealed that HMs in the MSW changed significantly with sampling depths. Even though MSW samples collected from 2 to 3 m depth (MSW3) had the proposed visible physical standard of matured compost, it exceeded the prescribed limits for some HMs (Cr, Zn and Ni) and, therefore, it was unsuitable for agronomic application. However, the question of ecotoxicity, the environmental health and safety issues surrounding the application of this MSW compost in agricultural land remains to be fully resolved to meet the international standards, set for food and food chain. Besides this, the paper did not report any data on germination and/or plant growth test of MSW3 and, therefore, at this point MSW3 cannot be considered as a compost in 'as-is' conditions. The obtained data suggests that the prolonged application of this compost in agricultural land may increase the concentrations of HMs in the soil with time and thus may pose some future problems to human and animal health.
The sequential extraction of HMs in MSW showed that higher concentrations of Zn were associated with the soluble, exchangeable and carbonate fractions, whereas other HMs were mostly associated with the residual mineral components. The leachate quality analysis revealed the heterogeneity of solid waste and the methanogenic condition in the dumpsite. The possible dissolution of carbonate bound metals might be the result of acidic pH of the leachates. Since the presence of optimum moisture content in the waste influenced the degradation rate generating organic acid, it enhanced the concentration of heavy metal in the leachate runoff. The presence of TCF and FCF in surface water is a warning for the surface water quality for domestic purpose and other uses. The high contamination of Deepor Beel suggests that the run-off leachate from MSW was the major contributor of pollution. Although the uptake of HMs by different vegetables growing on MSW dumping site was within the safe limits, nevertheless, its consumption is questionable as it might act as a significant additional source of the HMs from the diet. PCA indicates that the major factors responsible for variation of water quality in Deepor Beel are mainly related to HMs, soluble salts, organic pollution and bacterial contamination, the main source of which is the MSW dumping site. Finally, the present investigation emphasized that there is an urgent need to adopt some management measures for protection of environmental quality in and around MSW landfill site.
